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CLEARING  ICE-CLOGGED  SHIPPING  CHANNELS 


George  P.  Vance 


INTRODUCTION 

The  need  for  keeping  the  ice  prone  rivers  and  lakes 
used  for  commercial  shipping  open  year-round  or  near 
year-round  brings  with  it  many  problems,  not  the  least 
of  which  is  disposing  of  the  ice  that  is  found  in  the 
shipping  channels.  This  ice  may  appear  in  several  dif¬ 
ferent  forms,  such  as  sheet  ice,  frazil  ice,  brash  ice, 
refrozen  brash  ice  and  mush  or  a  combination  of  the 
above. 

In  many  locations  this  ice  has  a  tendency  to  accu¬ 
mulate  to  a  point  where  the  channel  becomes  so  clogged 
it  is  virtually  impossible  for  any  vessel  to  negotiate  it. 
Conventional  icebreakers  have  not  been  able  to  relieve 
this  problem.  Once  they  leave  the  area,  the  channel 
quickly  becomes  blocked  with  ice  again.  These  locations 
are  usually  areas  of  low  flow  or  unusual  hydraulic  con¬ 
figuration  such  as  a  narrowing  of  the  river  or  a  sharp 
Pend. 

In  order  to  remove  this  impediment  to  navigation, 
the  U.S.  Coast  Guard  is  considering  physical  removal 
of  the  ice.  Several  concepts  for  removing  ice  were  dis¬ 
cussed  by  Mellor  ct  at.  (1978),  but  the  actual  impact 
of  such  removal  was  not  addressed  in  detail.  The  ob¬ 
ject  of  this  report  is  to  examine  in  greater  detail  the 
hydraulic  and  environmental  effects  of  such  a  removal 
process.  The  environmental  investigations  are  limited 
to  physical  effects  and  do  not  include  biological  and 
botanical  effects. 

In  order  to  limit  the  scope  of  the  investigation  to 
that  of  a  realistic  undertaking,  this  study  will  concentrate 
on  four  removal  techniques,  displacement,  ejection, 
slurrying  and  rafting  in  one  geographical  area,  the  St. 
Marys  River.  The  amount  of  ice  and  ice/watcr  mixture 
that  has  to  be  moved,  the  distance  it  has  to  be  moved. 


and  the  locations  to  which  it  will  have  to  be  moved 
will  also  be  considered. 


THE  ENVIRONMENT 

There  are  four  areas  in  the  St.  Marys  River  that 
have  been  subject  to  the  accumulation  of  brash/ 
frazil  ice  (Remus  1979): 

•  Little  Rapids  Cut 

•  Middle  Neebish  and  Munuscong  Channels 

•  Lime  Island  Channel 

•  De  Tour  Passage 

The  general  location  of  these  areas  is  shown  in  Figure 
1 .  It  can  be  seen  that  in  the  first  two  of  these  areas, 
the  river  is  at  its  narrowest.  The  passage  through 
Middle  Neebish  and  Munuscong  Channel  is  particularly 
tortuous,  with  several  sharp  turns.  Each  area  is  subject  to 
the  accumulation  of  ice.  The  channel  width  at  Middle 
Neebish  is  less  than  200  m  (656  ft)  and  at  Little  Rapids 
Cut  it  is  not  much  greater  than  that.  The  average  depth 
of  the  channels  in  these  two  areas  is  8.5  m  (27.8  ft). 

Details  of  the  environment  including  daily  tempera¬ 
tures  and  ice  thickness  in  the  areas  under  consideration 
are  given  in  Mellor  ct  al.  (1978)  and  Wucbben  ct  al. 

(1978).  This  information  will  be  useful  for  determining 
the  ice  growth  under  static  and  dynamic  conditions  in 
the  ship  channel.  A  photographic  review  of  the  conditions 
in  the  St.  Marys  during  the  winter  of  1 979  was  presented 
by  Vance  (1979).  It  will  be  useful  to  review  this  photo- 
B'aphic  documentation  for  it  provides  considerable  in¬ 
sight  into  the  growth,  distribution  and  breakup  of  the 
ice  in  the  St.  Marys  during  an  ice  season. 

The  photographs  for  the  week  of  5  January  depict 
the  conditions  a  week  or  two  after  the  initiation  of  ice 
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Figure  1.  The  St.  Marys  River  (general  location  map). 


growth.  They  indicate  that  Little  Rapids  Cut  (see  Fig.  1) 
is  open  and  clear  to  below  Island  Number  4.  One  can 
also  see  the  brash  ice  starting  to  build  up  at  Stribling 
Point  and  in  the  Middle  Neebish  Channel  area,  particu¬ 
larly  at  the  sharp  turns.  There  appears  to  be  no  particu¬ 
lar  buildup  in  Lake  Munuscong,  although  plate  ice  is 
clearly  evident.  The  Lime  Channel  is  clear.  There  ap¬ 
pears  to  be  considerable  brash  ice  in  the  area  of  the  De 
Tour  Village  ferry  crossing.  The  area  from  the  crossing 
out  past  De  Tour  Light  is  fairly  clear. 

On  10  January,  the  brash  ice  is  beginning  to  back  up 
in  Little  Rapids  Cut  and  is  approximately  at  the  south 
tip  of  Island  Number  4.  Courses  2  and  3  are  beginning 
to  fill  with  brash  ice.  Middle  Neebish  Channel  is  com¬ 
pletely  full  of  brash.  The  ice  sheet  is  stabilizing  in  Lake 
Munuscong  and  around  Pipe  Island.  Of  considerable 
interest  in  these  photographs  is  the  stable  ice  sheet  just 
upstream  of  the  De  Tour-Drummond  Island  ferry  cross¬ 
ing.  With  the  stable  ice  sheet,  the  ferry  crossing  and 
channel  from  the  town  of  De  Tour  to  De  Tour  Light 
is  relatively  brash-free. 

By  15  January  ice  conditions  have  become  consider¬ 
ably  worse.  The  brash  ice  has  now  backed  up  in  Little 
Rapids  Cut  to  the  midpoint  of  Island  Number  1 .  Sev¬ 
eral  vessels  moving  through  the  anchorage  area  have 
caused  large  floes  to  move  into  the  channel  at  courses 
3  and  4.  The  brash  in  Middle  Neebish  Channel  continues 
to  build  up  with  little  or  no  relief.  Lake  Munuscong 
and  the  Lime  Island  Channels  have  undergone  little 


change.  The  Pipe  Island  Channel  is  relatively  open  due 
to  the  breaking  away  of  large  pieces  of  shore  ice.  These 
floes  have  caused  considerable  amounts  of  brash  and 
floe  ice  to  collect  in  the  ferry  crossing  area  as  far  out  as 
De  Tour  Light.  This  is  a  considerable  change  from  the 
10  January  conditions.  It  would  appear  that  some  form 
of  ice  control  structure,  i.e.  an  ice  boom  or  ice  anchor, 
could  mitigate  or  eliminate  the  instability  of  the  shore 
ice  upstream  of  the  De  Tour  Village  ferry  crossing,  there¬ 
by  decreasing  the  amount  of  brash  in  the  channel. 

By  28  January  the  ice  has  just  about  reached  its  max¬ 
imum  coverage.  The  approach  channel  to  the  locks  at 
Brush  Point  is  completely  filled  with  ice.  Little  Rapids 
Cut  is  filled  with  brash  ice,  with  only  the  ferry  crossing 
being  relatively  ice-free.  It  should  be  noted  that  the  ice 
boom  upstream  of  the  ferry  crossing  has  kept  the  shore- 
fast  ice  in  place.  Courses  2  and  3  and  all  of  Lake  Nicolet 
arc  filled  with  ice,  as  is  Middle  Neebish  Channel.  Lake 
Munuscong  and  Lime  Island  Channel  have  stabilized  and 
also  are  full  of  ice.  Surprisingly,  the  Pipe  Island  Channel 
is  clear  from  the  ferry  crossing  to  De  Tour  Light. 

By  9  February  Little  Rapids  Cut  is  full  of  ice  to  the 
Sugar  Island  ferry  crossing.  The  remaining  portion  of 
the  river  is  full  of  sheet  ice  and  brash  with  the  exception 
of  that  section  from  Pipe  Island  to  De  Tour  Light.  It  is 
interesting  to  note  that  the  ice  sheet  is  now  reattached 
to  the  shore  upstream  of  the  ferry  crossing  at  De  Tour. 

A  thin  ice  sheet  is  now  moving  into  the  De  Tour  Light 
area  from  Lake  Huron. 
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Figure  2.  The  St.  Marys  River  system. 


Bv  17  I  ebruary  the  ice  has  reached  its  maximum 
coverage.  Little  Rapids  Cut  is  completely  full,  with  only 
a  small  open  area  at  the  lerrv  crossing.  The  remainder  of 
the  system  through  De  1  our  Light  iv  lull  of  ice. 

This  situation  remains  essentially  the  same  until  earlv 
March  when  melt  and  breakup  are  initiated.  Unfortunate¬ 
ly,  no  flights  were  made  on  .1  March  and  1 0  March;  how¬ 
ever,  the  1 7  March  photographs  indicate  the  channel  at 
Big  Point  is  starting  to  loosen  up.  There  is  residual  brash 
in  the  channels  throughout  the  system,  but  it  is  evident 
tllat  the  ice  is  not  a-  closelv  compacted  as  it  was  during 
I  ebruarv.  In  tact,  the  channel  is  clear  from  Pipe  Island 
to  De  lour  Light,  rhe-  is  a  good  indication  that  the  brash 
at  the  lower  end  of  the  system  docs  move  into  Lake  Huron 
when  it  is  able  to. 

The  situation  is  essentially  unchanged  on  20  March, 
but  the  brash  concentration  is  decreasing  with  each  day. 

By  .1  April  the  system  shows  more  areas  of  open  water 
in  the  shipping  channel.  Little  Rapids  Cut  is  virtually  de¬ 
void  of  ice.  An  interesting  phenomenon  is  the  appearance 


of  open  water  at  Stribling  Point  while  there  still  is  a  con¬ 
siderable  amount  of  loose  brash  in  the  Lake  Nicolet  chan¬ 
nels.  This  is  an  indication  of  the  insensitivity  of  the  brash 
and  ice  floes  to  the  low  current  velocities  in  the  river,  i.e. 
less  than  2  ft/s  (0.6  m/s). 

Review  of  the  ice  condition  photographs  yields  a 
qualitative  indicator  of  the  areas  of  brash  buildup  and 
the  areas  where  a  disposal  technique  or  a  combination 
of  techniques  can  be  utilized.  The  photographs  also  in¬ 
dicate  that  some  kind  of  ice  control  structure  in  the  De 
Tour  Passage  area  just  upstream  of  the  ferry  crossing 
might  mitigate  the  brash  problem  by  stabilizing  the  shore 
ice.  This  possibility  merits  further  investigation. 

figures  2a-2c  are  plan  views  and  cross  sections  ot  the 
river  at  various  locations,  along  with  indications  ot  state 
and  federally  owned  land  along  the  river  (Chippewa  Counts 
1973).  These  figures  will  assist  in  selecting  potential  dis¬ 
posal  sites  and  in  determining  the  feasibility  of  the  various 
disposal  techniques. 
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River  system. 
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ICE  GROWTH  AND  ACCUMULATION 

The  ice  growth  rate  in  the  various  areas  under  consid¬ 
eration  will  not  only  depend  on  the  ambient  air  temper¬ 
ature  but  on  the  temperature  history  of  the  water,  the 
velocity  regime  of  the  river,  and  the  extent  of  ship  traffic 
in  the  channel. 

The  thermal  history  of  the  river  will  depend  on  whether 
there  was  a  warm  or  cool  fall.  When  the  river  temperature 
approaches  0°C,  slight  temperature  differences,  on  the 
order  of  0.05°C,  will  determine  whether  or  not  an  ice 
cover  forms.  The  first  ice  cover  usually  appears  after 
an  intense  cold  period,  and  some  supercooling  may 
occur,  depending  on  the  water  velocity.  The  right  com¬ 
bination  of  supercooling  and  velocity  can  initiate  the 
formation  of  frazil  ice  which  can  significantly  complicate 
the  problem  of  broken  brash  and  mush  ice  in  the  ship¬ 
ping  channel.  Ordinarily  the  water  temperature  is  un¬ 
iform  over  the  full  depth  when  the  ice  cover  begins  to 
form.  The  horizontal  temperature  profiles  ordinarily 
show  slightly  warmer  regions  nearer  the  shore  than  in 
the  center.  These  differences  are  on  the  order  of 
0.01  to  0.02°C. 

The  growth  rate  of  ice  in  the  river,  both  static  and 
dynamic  as  well  as  in  the  shipping  channel,  can  be  re¬ 
lated  to  the  number  of  freezing  degree-days  that  have 
occurred  since  initial  ice  growth.  A  Fahrenheit  freezing 
degree-day  D  is  defined  by 


D  =  32°  F 


(D 


where  7"max  and  Tmin  are  the  maximi  m  and  minimum 
values  of  daily  temperature  in  °F.  Th.s  parameter  is 


the  primary  variable  used  for  calculating  ice  thickness 
in  the  regimes  mentioned  above. 

For  the  static  growth  of  ice,  i.e.  ice  that  is  formed  in 
areas  where  the  velocity  of  the  water  is  0.7  ft/s  (0.21 
m/s)  or  less,  the  growth  rate  can  be  estimated  by  the 
empirical  equation 


h  =  as/ZD- 


(2) 


where  h  =  ice  thickness  in  inches 

a  =  coefficient  of  ice  growth  in  inches  /“ F'/j 
days'7* 

20|  =  is  the  summation  of  freezing  degree-days  from 
the  initiation  of  ice  growth. 

This  equation  does  not  take  into  consideration  any  un¬ 
usual  environmental  conditions,  a  itself  varies  from 
location  to  location  and  can  assume  a  value  anywhere 
from  0.6  to  1 .0  for  the  units  indicated  above. 

The  freezing  degree-days  can  be  obtained  from  actual 
records  in  a  specific  location,  but  Figure  3  gives  an  in¬ 
dication  of  the  accumulated  freezing  degree-days  for 
the  Great  Lakes.  For  the  St.  Marys  River  a  value  of  1600 
can  be  utilized,  with  a  conservative  estimate  of  a  being 
equal  to  0.8  (Lewis  1975).  Thus  the  maximum  ice  thick¬ 
ness  in  the  static  reaches  of  the  river  would  be  32  in. 

(0.81 3  m).  This  figure  is  at  the  upper  end  of  the  values 
reported  by  Vance  (in  press)  and  Voelkcr  and  Friel 
(1974). 

At  higher  velocities,  the  ice  accumulation  is  affected 
by  both  the  velocity  of  the  flow  and  the  depth  of  the 
river.  Several  different  phenomena,  in  addition  to 
static  growth,  may  act  to  increase  the  ice  thickness. 
According  to  Ashton  (1978),  the  formula  governing  ice 


Figure  3.  Freezing  degree-day  curves  at  various  Great  Lakes  locations. 
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growth  takes  the  form 

^  M  <3) 

where  V  =  velocity  of  flow 

g  =  acceleration  of  gravity 
/7j  =  accumulated  ice  thickness 
p |  and  pw  =  density  of  the  ice  and  water 
H  -  channel  depth 

Studies  have  shown  that  ice  can  accumulate  to  a  thick¬ 
ness  of  one-third  of  the  depth  of  the  water  under  normal 
flow  and  meteorological  conditions.  With  an  average 
depth  in  the  St.  Marys  of  27  ft  (8.23  m)  one  could  expect 
ice  thickness  of  9  ft  (2.7  m).  Calkins  (1 979)  has  indicated 
that  with  the  presence  of  frazil  ice  in  rivers,  ice  thickness 
could  increase  from  50  to  90%  above  the  static  growth 
condition.  In  the  case  of  the  St.  Marys  this  could  mean 
;ce  thickness  of  48  in.  (1.21  m)  to  60.8  in.  (1 ,54m). 

These  figures  arc  in  agreement  with  the  values  presented 
by  Vance  (in  press)  and  Voelker  and  Friel  (1974).  Table 
1  indicates  the  typical  flow  rates  and  velocities  measured 
in  the  St.  Marys  River  by  the  Army  Corps  of  Engineers. 

The  growth  of  ice  in  the  shipping  channel  presents  a 
difficult  problem  that  involves  not  only  the  parameters 
mentioned  above,  but  also  the  frequency  and  nature  of 
ship  passage  through  the  channel.  Michel  and  Berenger 
( I 975)  have  developed  a  model  of  ice  growth  in  a  ship 
channel  that  takes  into  consideration  the  number  of 
ship  passages,  the  percentage  of  open  water  left  after  a 
ship  passes  through  the  channel,  the  thickness  of  the  ice 
sheet  before  passage,  and  the  number  of  freezing  degree- 
days.  They  have  shown  that  when  the  static  growth  is 
proportional  to  the  square  root  of  the  accumulated 
freezing  degree-days,  the  growth  in  a  channel  is  a  linear 
function  of  the  accumulated  degree-days  for  one  ship 
passing  per  day.  Since  the  model  is  complex  and  far 

Table  1.  Velocities  and  flow  rates  in  the  St.  Marys  River. 

/  'ow  velocity 

l>LJi.on _ Time _ ift-'ij  rtemcr*-* _ 

RjPiJs  Cut  Summer  1°69  52.5<)0  2.58  gjie  open 
UiMe  Rjpids  Cut  Summer  1 9f>9  "2,500  5.60  6  gates  open 

R.iPids  <‘ut  ft, nter  1976  45,300  2.46  Area  rvducnon  due  to 

icc  considered 

l tie  rtapttss  Cut  Summer  1978  89,500  4.6 
Little  ttjDtds  0u;  ’.Vinter  1979  51,500  2.94  .Area  reduction  due  to 

ice  considered 

Field  Point  Summer  1979  78,100  3.85 

I  'eld  Point  bummer  1978  45,600  0.85 

r-.MdPmn:  Summer  1979  51,900  0.97 

qkf  Munuscong  £>T;nn:et; _ O  25 _ _ 


too  sophisticated  to  use  here,  a  simplification  of  it  can 
be  represented  by  the  following  equation: 

/?i  =  (l  -0 )  (h^+aZoY’)  +aZOi'A  (4) 

where  0  =  the  percentage  of  open  water  in  the  channel 
and  a  and  ZD j  are  defined  as  in  the  static  case. 

With  an  average  of  20  degree-days  for  each  day  and 
a  value  of  25%  for  the  area  of  channel  left  open  after 
each  pass  we  can  estimate  the  ice  growth  for  any  number 
of  days,  assuming  one  ship  passage  per  day.  Since  ,he 
model  shows  only  a  slight  increase  in  ice  growth  with  the 
number  of  ship  passages  and  since  there  ate  not  many 
days  when  there  are  more  than  one  or  two  ships  passing, 
particularly  if  we  consider  a  convoy  of  several  ships  as 
one  long  ship,  this  appears  to  be  a  good  approximation 
of  the  ice  growth  in  a  ship  channel.  A  plot  of  the 
simplified  model  is  shown  in  figure  4. 

Using  cq  1-3  and  the  findings  of  Calkins  (1979)  we 
can  establish  upper  and  lower  bounds  on  the  ice  accum¬ 
ulation  in  the  channel  and  at  the  channel  sides.  The  re¬ 
sults  will  be  a  function  of  the  number  of  degree-days, 
the  number  of  ship  passages,  and  the  water  velocity  in 
the  river  reach.  For  static  growth  at  the  sides  of  the 
channel,  a  reasonable  bound  would  be  from  20  to  36 
in.  (0.5  to  1 .0  m)  with  a  mean  of  28  in.  (0.7  m).  The 


Figure  4.  Ice  growth  in  a  navigable  river. 
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bounds  in  the  channel  are  a  little  more  difficult  to  es¬ 
tablish.  From  the  pictorial  history  presented  by  Vance 
(1979)  and  from  the  previous  discussion  of  conditions 
on  the  St.  Marys,  it  is  apparent  that  the  ice  conditions 
in  the  channel  can  vary  from  ice-free  to  ice  thicknesses 
of  1 08  to  144  in.  (2.75  to  3.65  m).  An  upper  limit  of 
96  in.  (2.44  m)  has  been  suggested  by  the  U.S.  Coast 
Guard.  Mellor  et  al.  (1978)  utilized  a  figure  of  39.4 
in.  (1  m)  for  the  upper  limit  over  the  total  length  of  the 
river.  It  is  evident  from  field  measurements  (Voelker 
and  Friel  1974,  Vance,  in  press  )  that  these  figures  may 
well  bracket  the  actual  ice  thickness.  In  addition,  it 
appears  that  the  brash  ice  is  not  of  uniform  thickness 
throughout  the  entire  river  system.  Therefore,  a  more 
realistic  approach  would  be  to  estimate  the  ice  thickness 
for  each  disposal  technique  and  each  specific  site. 


NATURAL  ICE  TRANSPORT 


Before  the  investigation  of  the  various  disposal  tech¬ 
niques  is  undertaken,  we  must  examine  the  conditions 
under  which  an  ice  slab  that  is  deposited  under  an  ice 
sheet  remains  there  or  is  transported  elsewhere. 

The  forces  involved  are  those  of  buoyancy,  friction, 
drag  and  dynamic  lift.  Figure  5  defines  the  dimensions 
and  parameters  involved  in  the  calculations. 

The  drag  force  can  be  expressed  by 


FD  =  CD 


w  hc 


(5) 


where  CD  =  drag  coefficient 

pw  =  density  of  the  water 
V  =  velocity  of  the  water 
h 4  =  thickness  of  the  slab 
w  -  width  of  the  slab  perpendicular  to  the  flow 


CD  varies  between  2.0  and  1 .1  8  depending  on  the  thick¬ 
ness  to  width  ratios  ( hjw ).  It  reaches  a  value  of  1 .1 8 
when  hjw  >  0.20  (Hocrncr  1965).  A  reasonable  valut 
for  CD  is  1.2. 


Ice  Cover 


Figure  5.  Definition  sketch  for  analysis  of  ice  slab 
transport  (Lecourt  and  Voelker  1974). 


The  lift  force  can  be  expressed  by 
P  V2 

(6) 

where  CL-=  lift  coefficient 

L  =  length  of  the  slab  parallel  to  the  flow. 

CL  can  be  taken  as  0.5  for  a  rectangular  body  adjacent 
to  a  small  boundary. 

The  friction  force  is  defined  as 


FF=p(FB-FL)  (7) 

where  p  is  the  friction  coefficient,  which,  for  ice  on  ice 
can  vary  from  0.03  to  0.1 . 

The  force  of  buoyancy  is  given  by 

fB  =9(pw  -p)h%L  W  (8) 

In  order  to  have  the  ice  pieces  float  to  the  bottom  of 
the  ice  sheet,  the  buoyant  forces  must  be  greater  than  the 
lift  forces,  i.c. 


This  means 

V  <  3.3  h,'A 

Thus,  a  slab  9  in.  (23  cm)  thick  will  float  if  V  is  less 
than  2.9  ft/s  (0.88  m/s);  therefore,  most  slabs  will  float 
to  the  bottom  of  the  existing  ice  sheet.  Higher  velocities 
will  be  required  to  move  any  slab  thicker  than  9  in. 

In  order  for  the  slab  to  remain  in  place,  the  friction 
force  must  be  greater  than  the  drag  force  (assuming  no 
adhesion  or  cohesion),  i.c. 

ff  >  Fo 

p  V2 

p(FB-FL)>C0  Lh s 

and  the  velocity  for  movement  will  be 


If  reasonable  figures  for  slab  thickness  and  width  are  0.5 
and  1.5  ft,  the  velocities  needed  to  move  the  ice  slabs 
would  have  to  be  greater  than  0.3  to  0.5  ft/s  (0.09  it' 
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0,1 5  m/s).  Therefore,  slabs  of  ice  from  the  channel  will 
only  remain  under  the  existing  ice  sheet  at  the  side  of 
the  channel  if  the  water  velocities  in  this  area  are  very 
low,  if  there  is  some  obstruction,  or  if  there  is  immedi¬ 
ate  adhesion  of  the  slab  to  the  ice  sheet. 

When  the  conditions  permit  the  accumulation  of  ice 
under  the  ice  sheet  at  the  side  of  the  channel,  the  effect 
of  water  velocity  can  be  examined  by  simple  application 
of  the  continuity  equation: 

A,  =  V2A2  (9) 

where  A ,  =  channel  cross-sectional  area  at  position  1 
A  2  -  channel  cross-sectional  area  at  position  2 

Taking  a  typical  cross  section  of  the  channel  (see 
Fig.  2)  just  south  of  Frechette  Point  we  obtain  a  cross- 
sectional  area  of  33,600  ft2  (3121.5  m2)  with  a  water 
velocity  of  approximately  2.5  ft/s  (0.762  m/s).  If  we 
now  place  48  in.  (1.2  m)  of  ice  from  a  channel  328  ft. 
(100  m)  wide  *  under  the  ice  sheet,  the  area  A  will 
be  decreased  by 


occurs  such  as  a  turn  in  the  channel,  a  decrease  in  depth 
at  the  side  of  the  channel,  or  a  decrease  in  the  stream 
velocity.  At  this  time  the  ice  will  begin  to  accumulate 
up  to  one-third  of  the  river  depth  at  the  side  of  the 
channel  (Ashton  1979)  and  back  up  the  river. 

One  can  obtain  an  indication  of  the  amount  of  ice 
that  could  accumulate  by  considering  the  amount  of 
ice  cleared  from  the  channel  up  until  the  point  when 
it  begins  to  accumulate  at  the  side.  For  example,  con¬ 
sider  the  St.  Marys  River  from  Little  Rapids  Cut  to  a 
point  at  the  upstream  end  of  Middle  Neebish  Channel 
between  buoys  62  and  63.  Here  the  channel  makes  a 
dog-leg  to  the  east  that  could  verv  well  cause  an  accum¬ 
ulation  of  ice  slabs.  The  nominal  water  depth  at  the  side 
of  the  channel  at  this  point  is  8  ft  (2.5  m);  this  depth  ex¬ 
tends  some  1 560  ft  (457  m)  on  each  side  of  the  channel. 
This  defines  an  accumulation  area  of  some  9000  ft2.  If  a 
channel  328  ft  (100  m)  wide  is  cleared  of  4  ft  (1 T2  m)  of 
ice  by  displacement  under  the  existing  ice  sheet  from 
Little  Rapids  Cut  to  Buovs  62  and  63,  a  distance  of  1 2 
miles  (19  km),  a  volume  of  8.3  x  1 07 ft3  would  have  to 
be  accommodated.  The  length  of  river  affected  would  be 


(M  K) 


c  weh 


(10) 


where  hc  =  thickness  of  the  ice  in  the  channel 
wc  =  width  of  the  channel 

or  4  x  328  =  1 31 2  ft2.  This  will  increase  the  river  velo¬ 
city  0  1  ft/s  (0.03  m/s),  which  is  an  insignificant  change, 
particularly  considering  the  simplifications  (on  the  con¬ 
servative  sice)  made  in  the  analysis.  Even  if  the  amount 
of  deposited  ice  were  tripled,  the  velocity  increase  would 
only  amount  to  0.3  ft/s  (0.091  m/s),  still  an  insignificant 
amount.  In  the  worst  case  that  can  be  imagined,  that  is 
if  the  total  cross  section  outside  the  channel  were  com¬ 
pletely  filled  with  ice,  the  velocity  at  Frechette  Point 
would  increase  about  1.3  ft/s  (0.395  m/s)  to  3.8  ft/s 
(1  1 5  m/s),  not  an  intolerable  figure  and  one  which  is 
sometimes  reached  in  Little  Rapids  Cut  at  high  flows. 


ACCUMULATION  SITES 
Under-ice  accumulation 

From  the  velocities  presented  in  Table  1  and  the 
velocity  bounds  necessary  to  keep  the  ice  slabs  floating 
and  moving,  i.e.  0.3  ft/s  <  V  <  3.0  ft/s,  it  can  be  seen 
that  most  slabs,  under  most  conditions,  will  float  under 
the  ice  sheet  and  move  downstream  until  an  obstruction 

•  this  channel  width  was  specified  by  the  sponsor,  and  al¬ 
though  it  may  be  excessive  for  winter  navigation,  it  will  be 
utilized  as  an  upper  bound  for  the  analysis  undertaken  in 
m is  study. 


where  LA  -  the  length  of  the  accumulated  ice  mass 
Da  =  the  depth  of  the  accumulated  ice 
WA  =  the  width  of  the  river  in  the  accumulation 
area 

Lc  ~  the  length  of  the  channel 
=  the  width  of  the  channel 
hc  =  the  thickness  of  natural  ice  in  the  channel. 

Using  the  figures  above  for  typical  river  dimensions  in 
the  Little  Rapids  Cut  to  Middle  Neebish  Channel  area, 
the  accumulation  length  would  be  approximately  9000 
ft  (2743.2  m).  This  is  a  length  easily  accommodated  by 
the  river  between  buoys  62  and  63  and  buoys  68  and 
69.  In  fact,  data  provided  by  Vance  (in  press)  indicate 
that  the  brash  does  accumulate  at  this  point,  compared 
to  the  Little  Rapids  Cut  area. 

Two  other  areas  in  which  ice  accumulation  is  most 
likely  to  occur  are  the  downstream  end  of  the  Middle 
Neebish  Channel  and  the  downstream  end  of 
Munuscong  Channel  at  Johnson's  Point.  Calculations 
-imilar  to  those  above  indicate  that  an  accumulation 
length  of  5200  ft.  (1585  m)  will  be  required  in 
Neebish  Channel  and  3500  ft  (1067  m)  at  Johnson ’s 
Point.  These  distances  arc  equivalent  to  approximately 
one-third  of  the  total  channel  length  to  be  cleared. 
Therefore,  although  it  would  be  feasible  to  allow  ice 
from  a  cleared  channel  to  accumulate  at  these  points, 
the  short  length  of  the  channel  is  a  potential  source 
of  problems.  It  may  be  preferable  to  dispose  of  the 
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ice  in  another  fashion  in  these  areas. 

All  other  areas  of  the  St.  Marys  River  have  sufficient 
reach  lengths  and  river  widths  to  accomodate  ice  dis¬ 
posal  under  the  existing  ice  sheet.  The  velocities  expected 
from  the  Lake  Munuscong  reaches  to  De  Tour  Passage 
are  low  enough  so  that  the  ice  would  remain  under  the 
ice  sheet. 

The  De  Tour  Passage  velocities  are  high  enough  to 
clear  the  ice  out  into  Lake  Huron,  This  can  readily  be 
seen  from  the  documentation  in  Vance  (in  press). 

Accumulation  on  top  of  the  ice 

In  order  to  obtain  some  insight  into  the  additional 
quantity  of  ice  that  will  have  to  be  handled  and  de¬ 
posited  on  top  of  the  ice  sheet  at  the  channel  edge  if 
the  channel  is  kept  clear,  we  can  refer  to  Figure  4  and 
eq  2.  Equation  2  yields  an  average  ice  thickness  of  32 
in.  (81  cm)  from  static  growth.  Figure  4  indicates  that 
an  ice  thickness  of  some  4  to  8  in.,  say  6  in.  on  the 
average,  can  grow  in  an  open  channel  every  two  days 
using  an  average  of  20  freezing  degree-days  per  day.  If 
these  severe  conditions  persist  for  20  days  of  the  ice 
season,  an  additional  1  20  in.  of  ice  must  be  removed. 
Therefore,  the  increase  in  volume  per  unit  length  of 
river  is 

Remove  =  < "remove  ^  "'c  <"> 

-  120^12  328  =  2405  ft3/ft 

12 

where  V  =  volume  of  ice 
h  -  thickness  of  ice 

The  total  volume  of  ice  per  unit  length  of  the  river,  using 
an  average  river  width  of  6000  ft,  is 

Vj-hW, 

-  12  6000  =  16,000  ft3/  ft 
12 

where  Wr  =  width  of  the  river. 

This  produces  a  maximum  increase  of  1  5%,  a  percentage 
well  within  the  bounds  of  the  natural  ice  thickness  vari¬ 
ations  from  year  to  year. 

If  this  ice  is  deposited  on  top  of  the  existing  ice  sheet 
for  a  distance  of  1 000  ft  on  each  side  of  the  channel, 
this  would  increase  the  ice  thickness  at  the  channel  edge 
some  1.2  ft  (0,36  m).  If  it  is  assumed  that  isostatic 
equilibrium  is  maintained  and  the  1 .2  ft  is  added  to  an 
existing  2.6  ft  (which  is  a  worst  case  assumption)  the 
river  cross  section  outside  the  channel  would  decrease 
about  2160  ft2  (1.2  x  0.9  x  2000  ft).  If  one  uses  the 


Frechette  Point  cross  section  as  an  example  as  before, 
this  represents  a  velocity  increase  of  approximately  7% 
(from  2.46  to  2.63  ft/s),  an  inconsequential  increase. 

EVALUATION  OF  ICE  DISPOSAL  TECHNIQUES 

General 

With  the  basic  description  of  the  river  provided 
earlier  and  the  methodology  for  determining  accumula¬ 
tion  rates  established,  attention  can  now  be  focused  on 
evaluating  the  various  ice  disposal  techniques.  Each 
technique  will  be  evaluated,  considering  the  bathymetry 
and  hydrography  of  the  St.  Marys  River,  with  the  goal 
of  keeping  a  channel  1 00  m  (328  f t)  wide  clear  enough 
to  allow  passage  of  one  or  more  vessels  per  day. 

It  would  be  idealistic  to  envision  any  clearing  device 
as  being  100%  efficient;  however,  it  would  appear  feasi¬ 
ble  that  a  device  could  clear  away  75  to  85%  of  the  Ice. 
Therefore,  the  ice  thickness  predicted  by  the  model  will 
be  increased  by  15%  between  clearing  intervals.  The 
thickness  of  the  static  plate  ice  will  be  determined  using 
the  parameter  of  freezing  degree-days.  The  accumulation 
of  ice  in  the  channel  will  be  determined  using  the  model 
presented  earlier,  which  is  a  function  of  the  number  of 
freezing  degree-days  and  the  number  of  ship  passages  per 
day.  For  this  study  it  was  assumed  that  an  average  of  one 
ship  per  day  would  pass  through  the  channel.  It  was  also 
assumed  that  any  ice  deposited  at  an  accumulation  site 
or  at  the  side  of  the  channel  will  not  deteriorate  until 
spring  melt  and  breakup. 

Disposal  by  displacement  under  the  remaining  ice  sheet 

This  alternative  is  feasible  in  all  reaches  of  the  river, 
with  the  exception  of  Middle  Neebish  Channel  and  the 
Munuscong  Channel.  In  these  areas  the  width  of  the 
river  and  the  channel  length  arc  such  that  there  is  a 
strong  possibility  of  the  broken  ice  floating  back  into 
the  channel  and  completely  blocking  it.  Therefore,  this 
method  of  disposal  should  be  avoided  in  these  areas. 

The  channel  downstream  of  Johnson's  Point  presents 
no  particular  problem  for  utilizing  this  method  of  dis¬ 
posal.  Current  velocities  are  such  that  a  majority  of  the 
ice  will  be  dissipated  into  the  wide  expanses  o(  the 
river  system  in  this  area.  A  good  portion  of  the  ice  will 
be  passed  out  into  Lake  Huron  from  the  DeTour  Pas¬ 
sage  reach.  That  is  not  to  say  some  of  the  ice  displaced 
upstream  will  not  float  back  into  the  channel  down¬ 
stream;  this  would  increase  the  frequency  of  clearing. 

The  use  of  this  disposal  method  in  the  Lake  Nicolet 
reach  is  marginal  but  feasible.  The  channel  length  in 
this  reach  is  some  12  miles;  there  is  ample  depth  (>  8 
ft)  and  breadth  (>  3000  ft)  of  river  on  each  side  of  the 
channel,  up  to  a  depth  of  4  ft  (2  ft  of  which  is  already 
frozen  in  place).  Therefore,  a  storage  area  of  6000  ft2 
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m.itelv  1 ! 1  n  :,c  si.  I  ilis  is  ail  inc'easc  in  ise  volume  of 
approximately  2<'-s(V  in  this  teach  and  an  increase  in 
velocity  ul  approximately  2' I  trom  2. to  3.0  ft/s 
(0.7h  to  0.91  ni  si,  which  !'  an  acceptable  level.  I  he 
increased  vniuirv  d  ice  will  also  cause  an  increase  in 
water  level.  I!  the  displaced  w  iter  volume  is  restricted 
to  the  Lake  Nicolet  teach,  which  is  a  conservative  esti¬ 
mate,  and  it  the  river  width  varies  trom  0000  to  12,000 
ft  (2.7  to  3.o  km',  we  .an  expect  a  lise  in  water  from 
I  to  o  in.  i  1 0  to  1  3  vto ' .  I  iii-  •  ise  is  less  than  one- 
quarter  oi  the  rise  and  *.<jj  that  has  neen  experienced 
in  the  natural  yearly  watet  level  changes  (Mellor  el  al. 

Ltulet  normal  conditions,  the  ice  cover  in  the  Lake 
Nicolet  reach  remains  in  place  and  deteriorates  with 
very  little  adverse  eilecl,  I!  we  pi  ice  30' i  more  ice 
under  the  existing  covet  with  the  existing  velocity  re¬ 
gimes,  we  can  expect  that  same  behavior  to  persist  except 
lor  the  possibiiitv  n!  some  of  the  ice  breaking  away 
trom  the  shore  and  accumulating  at  the  downstream 
end  of  the  reach.  In  what  extent  this  w:ll  occur  de¬ 
pends  on  the  rapidity  with  which  the  ice  deteriorates 
and  the  amount  ut  the  ;.c  sheet  which  is  disturbed  by 
external  factors  such  as  vessels  leaving  the  channel  or 
ahnoimaliv  high  winds.  In  the  event  that  the  thickened 
ice  sheet  shows  a  tendency  to  break  away  at  any  partic¬ 
ular  location,  il  may  be  possible  to  keep  it  in  place  with 
the  use  of  some  sort  of  ice  boom. 

I  he  si/e  ot  the  ice  pieces  that  can  he  displaced  will 
he  a  "ntic  lion  o!  the  mechanism  used  to  break  the  ice 
in  the  Ins'  plate.  It  has  been  found  that  the  US(X> 
iceiv e.tker  kulmdi  H<1\  call  bleak  plate  ice  into  pieces 
horn  ti'-ISlim  diameter  to  less  than  1  It  in  diameter 
\nv  displacement  mei  li  mi  an  sh< mid  lie  designed  to 
handle  Mich  piei es.  Me||oi  et  al.  ( 1 978)  have  shown 
that  the  l.ti  gei  the  piece,  the  greater  the  resistance  to 
displacement  will  he.  iml  therefore  any  channel  clearing 
d<  V  it  e  shot  ill  I  hr  deMgried  to  take  this  tact  into  consid¬ 
eration.  In  addition  ;  -  the  si/r  >9  the  pines  being  dis- 

. . t.  the  i".  a!  cieieiiw  vv;  iiave  a  significant  ellect 

on  Liw  i. n  undi  i  l  he  a  r  si  met  the  pier  es  will  go. 

in  sum'  ul  v  it  .i:'|n  ai  -  that  the  disposal  method  ot 
displacement  under  the  ice  r-  !i.-asihle  in  all  n'acllt’x  o| 

1 1 1 e  St.  Mates  Ke.ei  except  the  Middle  Neehixh  and 
Mnnuscong  <  h.inneN.  In  the  I  ake  Nicolet  leach,  one 
could  expect  i().5;-  s  im  tease  in  veloc  itv  and  a  I- to 
'i-in.  im  I'  isi  m  v.ah -•  'evil.  There  may  be  some  poten- 

'  i.d  to1  i.  e  ace  umuial  ■■  ,n  at  the  I  .w  list  I  earn  end  ot  the 


teach  at  melt  and  breakup  if  no  resin  ning  booms  arc- 
put  in  place.  No  problems  related  to  this  method  are 
anticipated  m  the  Lake  Mnnuscong  reach  and  reaches 
further  downslt earn. 

Disposal  by  election  on  top  of  adjacent  ice  cover 

I  he  ejection  method  ot  disposal  can  he  accomplished 
in  two  fashions,  tliat  mentioned  by  Mellor  el  al.  (1978) 
(ftce  ejection  with  a  water  no//ic)  and  a  second  method 
which  requires  a  conveyor  belt  that  would  mechanically 
lift  the  ice  from  the  channel  and  convey  ,t  to  the  ad|a- 
cent  ice  sheet  (Waggner  and  (.oppcl  1971 ).  both  methods 
will  be  limited  to  distribution  on  a  200-  to  3()0-ft  (ho-  to 
100  m)  portion  ot  the  unbroken  ice  at  the  sides  of  the 
channel  due  to  power  atm  structural  considerations. 

1  here  is  no  location  at  which  this  method  can  he  used 
to  deposit  ejected  ice  on  snow-  ot  ice-covcred  ground. 

The  tree  ejection  method  utilizing  a  water  nozzle  has 
the  inherent  disadvantage  that  the  ice  would  have  to  be 
chopped  up  before  it  could  be  jetted  through  a  nozzle. 
Practical  considerations  would  limit  the  diameter  of  the 
nozzle  to  approximately  1  2  in.  (30  cm)  (Mellor  et  al. 
1978);  this  In  turn  would  limit  she  size  of  the  pieces  to 
approximately  6  to  9  in.  (15  to  23  cm).  Thus,  the  ice 
must  undergo  comminution  until  the  largest  piece  has 
a  diameter  no  greater  than  9  in. 

In  addition,  if  a  mixture  of  water  and  icc  is  utilized, 
approximately  -Woof  the  mixture  would  be  water.  A 
large  percentage  of  this  water  would  then  settle  on  the 
existing  ice  sheet  and  freeze,  thereby  increasing  the 
volume  of  ice  deposited  by  almost  5 Of.-.  1  bus  in  the 
Lake  Nicolet  reach,  instead  of  having  3.5  x  10*  ft*  ol 
deposited  ice,  one  wou'd  have  approximately  5.2  \  10* 
ft  .  I  hat  volume  ol  ice  can  he  deposited  over  an  area 
of  300  It  on  each  side  of  the  channel  limes  the  length 
o!  the  reach,  63,360  tt,  which  would  v icld  up  to  an 
additional  14  It  ol  ice  at  the  channel  edge. 

Keen  il  the  dynamic  ice  growth  appi cached  the  static 
ice  growth  of  sav  10  in.  every  live  days,  the  additional 
ice  would  amount  to  approximately  7  It  ol  ice  on  each 
side  ot  tile  channel,  assuming  isost.itic  equdiht ium  (i.e. 

'he  ice  sheet  at  the  channel  edge  tails  ot  bends  until  the 
buoyant  tones  are  equal  to  the  weight  ot  the  ice),  lliis 
also  assumes  that  an  ice  sheet  broken  oil  trom  the  slioie- 
last  ice  will  not  float  hack  ,,ut  into  the  channel.  I  ielci 
tests  (Alger  1978)  have  shovvnth.it  a  ei.tc  k  parallel  to  the 
shot  el  i  tie  will,  ip  used  ,  not  ,,use  the  n  e  sheet  to  move 
away  lioiti  tile  sh,  ,ie. 

I  he  1 4-t  t-lhii  !•  ic  •  would  y.iiisi  .m  i tic i ease  in  the 
watet  velocity  ol  about  O.s  tt  -.  I  lie  7-tt  thick  ice 
would  incieusc  tin  velocity  some  U.  3  8  tt  s.  Both  values 
are  acceptable  velocities.  I  lie  water  level  would, ose 
approximately  S  to  |  m.  j,„  die  20  in.  per  clearing  ice 
line  kness  and  -I  i  n  in.  Im  the  1  0  in.  ice  tliic  knexs. 

I  In  ea\  no'  method  ul <| i  one  mec  li.inic al  displacement 


m.tlelv  4.4  4  X  l(l*H*  il  226  •  ID  n>'i  i.l  m-  liru.Hn) 
ini!  I  hi-  transput  t.  i!i"ii  liqmdl  wil'd  hr  deposited  ovi" 
2.0  >  lu’  tr  ir*  gnu-rnment  .uinul  IjruJ  Uh i>  i\  mu- 
h.ill  i.l  the  land  owned  lu  tin  Sl.ilr  >t  Muh.gan  -hi 
Su ii.tr  Island  .in. I  Nirhish  Island  with  dnei!  iuc«  to 
the  rui’ii.  I  hi-,  would  'i.u!  i<.  <  In  huild'ip  u!  n  >oti;i 
22  t!  (6.~  ml  1 1 1  i;l  l  .ill  ii )  i;  !ln-  shmi’l'iH  \sslnning  ' 
deter  H  if. Du  'll  until  null  m  hn.ikup  and  .1  mow  mi'll 
season.  Itii'ii  Mould  Ik-  ,i  negligihli  ."nl  mi  I  In  •  .u-r 
111  Junius,  howevif.  the'e  might  he  :  segtut  u  ,inl  etteil 
on  the  shoreline  iiiuim!  pi  ihli-m.  I  hr  iv.ul  nature 
.mil  magnitude  nl  the  i-tti-u  ;>  beyond  ilk  >u<pi  .* 

this  i  i'p.  •!  i . 

I*  wo  jvsuiik  th.i!  tho  slum  n  deposited  mi  iho  c\ 
isling  in-  sheet  'Hoi  ,i  ilist.itii t-  id  1  5()0  ii  mi  i  jih  side 
•  d  the  channel  and  thai  ,ri!  o'  Iho  tt.mspo'l.dion  Hind 
is  frozen  upon  deposition,  then  an  additional  4.5  ft 
I  1  pi)  nl  toe  will  ho  deposited  alum;  iho  ohanno  edge 

l 'sinj*  iho  inhumation  e  1  'h'e  !  •"•  f  ie!d  P.  nl.  a", 
i nt  rease  in  no  thic  Mies-  o'  4.5  m  mi,  nonsi  Iho  » .  i.  i 
cits  some  2D'  |( ,  1.1  M  v,  w h uh  is  a::  an opt.ihie  v..'ue 
I  ho  increase  in  in'  volume  u  il!  als.  -  und  !■  •  i  .him  ,i 
slight  increase  in  Iho  wall'  lev-!.  Again  usinii  I  old  If  mt 
data,  the  rise  in  watoi  level  vv  II  hr'ioiii""  than  I'M  ■ 
lh  in. 

In  oido:  to  utilize  the  slum  system,  the  u  mini  !v 
reduced  in  size  so  that  n  can  I  it  lh:  ■  -ugh  the  she  ic  pump 
and  through  the  slut  i  c  pipeline.  I  hr  pipe  line  .Im  it  i  ,m 
accommodate  solids  about  "tie-quat  le-  I"  "no-ha1’  the 
pipe  diametci .  However,  the  pump  ,t«'l!  will  nu|u -ie 
muih  smaller  pieces.  \  rough  estimate  oi  the  iv-cessa". 
icc  comminution  for  a  specially  designed  slum  pump 
would  be  in  the  area  of  2-4  in.  (5-~iml  In  addit  on. 
approximately  8()0tl  It’  ot  evate*  wili  ho  needed  po' 
linear  foot  ot  channel  cleared  In  this  method.  Ibis  is 
about  5  oi  the  culume  acailahle.  hut  since  tho  wate- 
is  being  deposited  on  the  existing  ice  sheet,  and  a  i."ge 
percentage  will  relree/e  along  ss i : h  the  displ.ued  ue  and 
seek  hedrostatic  ec|uilihr  ium,  there  should  ho  I  ope  e'tect 
on  the  occrall  column  ot  water . 

In  summary  ,  it  appears  that  slur r \  disposal  mi  iho  ue 
sheet  at  the  channel  edge  is  feasible  throughout  the  river 
system.  There  are  several  areas  that  require  mme  in- 
depth  investigation  such  as  the  optimum  pump  and  pipe¬ 
line  size,  Ihe  maneuver ahilitc  o!  the  pipeline  and  ihe 
freezing  problem  in  the  pipeline. 


would  have  values  some  50  less  than  those  "I  the  vv.iiet 
ejection  svstem,  i.e.  a  0.24  0  s  imrease  ill  velocitv  and 
about  .t  1  t"  8  ip.,  use  o,  vsa'i"  I'-vei  fm  ,i  20  in.  ice  thick 
rit-ss. 

In  the  Middle  Neebish  (  h  nine!  and  the  Munuscong 
(ihannel,  the  river  is  slightlv  natoiwer,  s()00  to  6D00  f  I 
compared  I"  dnott  to  I  2.000  tt  l  bore  tore  one  can  expe.  1 
a  50*’  increase  in  the  water  level  and  velocitv,  i.e.  an 
increase  in  velocitv  ot  0.5  and  0.45  It  5  with  a  level  use 
of  I  8  and  I  2  in.,  respi-c te.elv .  In  the  reach  hevnnd 
Munuscong  Channel,  the  <  sc ei  is  much  vvidei  so  the  ve 
lucitv  increases  and  the  water  level  rises  should  he  >ub 
stantiallv  less. 

In  summary,  ii  appears  that  disposal  h\  both  tree 
ejection  with  a  water  nozzle  and  mechjriii.il  election  .in¬ 
feasible  alternatives.  I  ree  ejection  is  less  desitahle  be¬ 
cause  of  the  50  increase  in  ice  volume  and  the  large 
pileup  of  ice  at  the  channel  edge.  Both  methods  would 
leave  a  large  buildup  of  ice  at  the  ihannel  edge  tor  s.  mi 
400  to  400  M  bom  the  channel  I  heoreticallv ,  this 
should  not  cause  am  sign  it  it  mi  piohlems.  however .  d 
mav  riot  he  an  easy  task  to  t.onvinie  environmentalists 
and  local  residents  ot  this  tact  without  some  phvsical 
modeling. 

Disposal  by  slurrying 

Disposal  ol  tile  brash  in-  through  slum  pipelines 
adds  other  considerations  to  the  possibility  ->!  disposal 
by  ejection,  these  being  the  length  ol  the  slurry  pipeline 
and  the  potential  of  freeze-up  m  the  pipeline.  Ilanamoto 
et  al.  f  1 976)  have  indicated  that  Using  a  slurry  satura¬ 
tion  of  35  to  60*  icc  would  he  possible.  However, 
laboratory  tests  have  indicated  that  a  slurry  concentra¬ 
tion  greater  than  50'  ice  could  cause  freeze-up  problems 
in  the  slum  pumping  mechanism  and  peripheral  freez¬ 
ing  of  the  slurry  pipeline  which  decreases  the  effective 
pipe  diameter.  The  potential  for  freezing  can  be  de¬ 
creased  bv  keeping  the  slurry  concentration  below  50* 
(i.e.  40*i  ice,  60*  water)  or  by  introducing  some  sort 
of  pump  and  pipeline  heating.  I  or  the  sake  ot  this 
studs,  we  will  assume  a  40*'  ice  concentration  with  no 
ancillary  heating. 

Mcllor  et  al.  (1078)  have  shown  that  a  slurry  system 
usinga  large  diameter  pipe  ( approximately  49  in.  (I  m) 
in  diameter  and  about  1000  ft  (300  m)  long)  would  he 
energy  competitive  with  the  other  systems  under  con¬ 
sideration.  Such  a  length  would  he  adequate  tor  de¬ 
positing  the  ice  on  top  of  the  existing  ice  sheet  at  the 
side  of  the  channel.  However,  a  length  of  almost  three 
times  that  utilized  bv  Mcllor  (3000  ft,  1000  m)  would 
be  required  to  deposit  the  slurry  on  any  currently  state 
or  federally  owned  land,  t  ven  with  a  3000-tt  pipeline, 
deposition  on  river  ice  ot  snow -covet  eil  ground  would 
only  ht-  feasible  in  the  Middle  Neebish  Channel  and  the 
Munuscong  Channel  readies.  In  these  teaches  jpproxi- 


Disposal  by  fafting 

Disposal  of  channel  ice  hi  ratting  ot  flushing  m  the 
St.  Marys  River  will  he  a  difficult  task  due  I"  the  shallow 
depths  of  the  rivet  it*  the  areas  where  suih  techniques  ate 
requited.  Wasig  Bay  at  the  lower  end  of  l  ittle  K.ipnls 
Cut  would  be  a  convenient  place  to  stole  the  rafted  ice; 
however,  the  water  depth  in  this  area  is  limited  to  4-5  ft 
(1.2-1. 5  m).  Ihe  water  depth  in  Shingle  Bav  at  the  lower 


end  >>'  l  .ike  Nicole!,  an other  convenient  ratting  location, 
mink  I  -I  H  (  1 .0- 1  2  in).  I  here  are  no  convenient  loca¬ 
tion-.  m  Middle  Neebixh  Channel  and  Munuscong  (hannel 
that  an-  capable  ol  accommodating  the  volume  ol  ice 
(api’i'ooinatelv  51100*  It  ot  channel  lot  the  50-day 
ve.i'onl  that  would  have  to  he  vtored  until  melt  and 
hi.  akup  I  ake  Munuscong  and  the  lame  Island  C  hannel, 
on  the  other  hand,  have  ample  depth  and  open  area  for 
the  convenient  rafting  of  ice.  Ice  from  the  Lake  Mun- 
uscone  leach  ot  the  rivei  could  casilv  be  ratted  north¬ 
east  ot  the  channel,  between  the  channel  and  the 
(.inadun  bolder  Ice  from  the  lame  Island  C  hannel 
can  easilc  he  tatted  into  the  lower  reaches  ot  Potag- 
.inrixxing  Hav  Ice  horn  De  lour  Passage  can  be  ratted 
into  |  akc  I  luron. 

There  is  a  possibility  of  using  the  old  channel  into 

lake  C«eorge  ‘or  storage  ot  the  Middle  Ncehish  Channel 
ice  However,  there  is  considerable  travel  distance  and 
ari  ice  cover  would  have  to  he  broken  each  ratting  trip. 
Munuscong  (  hannel  ice  would  have  to  he  rafted  or 
flushed  to  ihe  1  ake  Munuscong  area,  again  a  considerable 
distance. 

I  able  2  presents  the  average  ratting  distances  lot  the 
various  'eacties  ot  the  river. 

I  lu  si/e  , >t  the  pieces  slabs  to  he  ratted  will  vars 
from  Is  'j  m  diameter  to  less  than  I  ft  in  diameter.  I  he 
task  can  he  per  h  n  riled  h\  a  large  plow  tv  pe  mechanism 
on  the  how  it  a  powerful  lug  or  towboat  or  bv  towing 
a  mgging  tv  pe  boom,  the  exact  design  of  the  vehicle  is 
he'  ond  the  scope  ot  this  report.  It  is  evident  from  the 
pictorial  vtudv  o'  the  1 9 74  channel  ice  (Vance  1979) 
th.it  natural  flushing  is  occurring  in  the  Lime  Island 
(hannel  and  De  loin  Passage ,  however ,  this  natural 
'lushing  can  he  expedited  and  controlled  with  the  proper 
vehic  le  and  ice  con  Pol  xtr  uc  lures.  Ihe  contour  and 
'xithvmelrc  ol  the  upper  reaches  of  the  river  do  not 
lend  themselves  to.uiv  natural  flushing  or  rafting  out¬ 
side  i U  the  ship  channel . 

In  summaiv ,  although  rafting  and  or  flushing  mav 
appear  to  he  an  ettectivc  means  ot  dealing  the  channel, 

•I  isonlv  feasible  ill  areas  of  deep  open  water  such  as 
Lake  (leorgc,  I  ake  Munuscong,  Potagannissing  Ba\  and 
l  ake  Huinti  In  addition,  the  distances  to  the  areas 
whet e  them  is  xul  tic  lent  depth  and  open  area  to  accom¬ 
modate  rafting  are  gieatlv  in  excess  of  the  100-slab 

Table  2.  Average  distance  to  rafting  sites. 

Aver  a «/e  distance 


rtiver  'eai  h  ,  leare  J 

Storage  area  miles 

feet 

meters 

Middle  V-fftfsh  Gunnel 

Lake  George 

12 

o?.  360 

19,312 

M'jnD’-vonii  Channel 

l-a  kc  Munuscong 

10 

52.800 

16. 0S  3 

Lake  Munu*.i>n*  Channel 

Lake  Munuscong 

1 

5.280 

1,609 

Lime  Wand  Gunnel 

Pota$*nni«ing  Bav 

5 

26.400 

8,046 

O  Ce-jr  Pas-»ai<c 

Lake  Huron 

4 

21,120 

lengths  utilized  by  Mel  lor  et  al.  (1978)  in  their  study. 
Therefore,  rafting  is  limited  in  its  application  in  the  St. 

Mai  vs  River. 

CONCLUSIONS  AND  RECOMMENDATIONS 

I  tom  the  results  of  this  studv  one  can  conclude  that 
ice  disposal  techniques  are  feasible  on  the  Si.  Marvx 
River  with  negligible  hydrological  impact.  A  full  environ¬ 
mental  Impact  evaluation  is  bevond  the  scope  ot  this 
report,  but  it  is  evident  that  anv  convenient  shoreline 
deposition  ot  channel  ice  mav  well  contiihute  to  shore 
erosion  problems  and  is  not  recommended  at  this  time. 

None  ot  the  techniques  investigated  aie  feasible  on 
all  reaches  of  the  nvei  due  to  the  different  hydrological 
and  bathymetric  configurations  throughout  the  river 
system.  Ihe  technique  ot  mechanical  displacement  on 
top  ot  the  adiacent  ice  sheet  appeals  to  he  feasible 
throughout  the  entire  system;  however,  it  will  lesult  in 
a  4-  to  6-tt  (1,2-  to  1.8-m)  buildup  ot  ice  at  the  edge  of 
the  channel.  Ihe  increase  in  ice  growth  due  to  channel 
dealing  will  cause  an  Increase  in  water  velocity  of  less 
than  1  It/s  (0.30  m  s)  and  a  watei  level  increase  of  less 
than  I  ft  (0.30  mi,  acceptable  increases  in  both  areas. 

A  vehicle  such  as  that  depicted  in  I  igute  6  could  be  used 
to  accomplish  the  clearing.  Because  a  clearing  is  required 
every  live  days,  the  vehicle  must  be  able  to  transit  the 
entire  sv  stem,  40  miles  (65  km),  in  about  five  dav  s  for 
a  clearing  rate  of  approximated  Smiles  dav  or  0.53 
mile, 'hr  for  a  24-hour  day,  or  0.8  mile  hr  tor  a  10- 
hour  day.  Ibis  tjn  be  accomplished  hy  several  units 
stationed  in  various  leaches  ol  the  river,  Ot  course, 
some  reaches  wnl  not  require  extensive  dealing  be¬ 
cause  Ihev  are  naturalk  cleared. 

Although  clearing  bv  water  election  and  slurry  ing  is 
feasible,  it  is  not  recommended  at  this  time  because  ot 
the  projected  40-60'  increase  in  ice  accumulation  due 
to  freezing  of  the  water  Used  to  transport  the  ice,  the 
necessity  of  pulverizing  the  ice,  and  the  piobletnx  ex¬ 
perienced  with  the  freezing  ot  an  ice  slims  in  the  pumps 
and  pipelines. 

Rafting  oi  flushing  is  not  feasible  in  the  upper  reaches 
of  the  river,  but  they  could  be  used  of  fee  lively  in  Ihe 
lower  reaches  by  lading  the  ice  into  the  deep  open 
wa’crs  of  Potagannissing  Bay  and  I  akc  Duron. 

None  of  the  techniques  evaluated  will  have  anv  xig- 
niticant  effect  on  povyei  generating  plants  on  the  St. 

Mans  Rivet.  However,  thereaiesevei.il  warm  watei  dis- 
ehjiges  that  will  have. in  effect  on  the  continuity  ot  the 
ice  sheet  at  the  channel  edge.  In  these  aieax,  the  posse 
bilitv  ot  utilizing  an  ice  boom  m  uecontiol  stiucUite 
would  have  In  he  investigated.  One  should  also  heal  in 
mind  that  the  tiguiex  generated  above  are  conservative 
in  nature,  i.e.  a  50-day  ice  season  was  assumed,  a  20 


Figure  6.  Mechanical  disposal  on  top  of  the  ice  by  a  bucket  wheel  and  boom  conveyor  system 
(Art tec  Inc.  1979). 


freezing  degrec-dav  average  was  utilized,  maximum  ice 
growth  rates  were  calculated,  no  solar  melting  of  disposed 
ice  was  allowed  for,  and  therefore,  it  can  he  assumed  that 
these  figures  represent  the  worst  case. 

In  view  of  the  above,  it  is  recommended  that  the  con¬ 
cept  of  clearing  ice-clogged  channels  be  pursued  b\  : 

1.  Physically  modeling  the  river  reaches  under  con¬ 
sideration 

2.  Physically  modeling  the  concept  involved 

3.  Conducting  small  scale  field  tests  of  the  concept, 
utilizing  existing  dredging  equipment  as  an  ad  hoc 
prototype 

4.  Determining  other  areas  of  possible  application  of 
the  concept,  i.e.  St.  t.awrence  Seaway,  Upper 
Mississippi  River,  Ohio  Rivet. 

5.  Investigating  increased  roughness  and  ns  in¬ 
fluence  on  channel  hydraulics. 
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